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Runaway electron (RE) beams may form during tokamak disruptions with electron energies
up to several MeV and may reach multi-MA currents in large devices. Since preventing post-
disruption REs completely is not always possible, a second line of defence is required. A
scenario to terminate a RE beam benignly was discovered on DIII-D [1] and JET [2]. It
consists in injecting large amounts of hydrogen or deuterium into a RE beam. This provokes
the recombination of the companion plasma co-existing with REs. The collapse of the beam
becomes completely benign without measurable heat loads on plasma-facing components.
This behaviour is likely due to a combination of a large and fast MHD instability and the
absence of regeneration of REs during the beam final collapse.

For this to be extrapolated to ITER, the conditions under which this scenario is effective need
to be understood. Recent experiments at JET have shown that the composition of the
companion plasma is essential for the mitigation success. A low ratio of high-Z impurities
(mostly argon, used to trigger the disruption) to hydrogenic material (H> or D») is needed to
achieve benign termination. Too much argon leads to the regeneration of a small RE beam
during the final collapse. If even more argon is present, an incomplete disappearance of REs
is observed, sometimes with reionization of the companion plasma. An otherwise non-benign
termination can be cured by injecting additional hydrogenic material, up to a certain point.
Too much hydrogenic material increases the collision rate of REs up to a point where a
benign termination is no longer possible. Higher pre-disruption currents (up to 3.0 MA at
JET) were also found to require more hydrogenic material to achieve benign termination, as
observed on ASDEX Upgrade. The picture is complex as higher pre-disruptive currents are
also associated with larger vertical instability, higher MHD activity, higher RE currents and
energy. Extrapolation of the required hydrogenic amount as a function of the pre-disruption
plasma and companion plasma parameters is discussed. Runaway regeneration physics during
the collapse as well as the influence of MHD activity on the RE dissipation are also

addressed.
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